We have analysed high-dispersion echelle spectra (R = 60000) of red giant members of five open clusters to derive abundances for many elements from Na to Eu. The 
INTRODUCTION
Observations of stars in Galactic open clusters yield information on two distinct areas of astrophysics: the evolution of stars and the structure of the Galactic disc. In this paper, the fifth in a series on the chemical compositions of red giants in clusters, chemical compositions are provided for giants in five clusters bringing the total number of clusters studied to 33. Compositions of giants across this sample are applied to two investigations -one concerning stellar evolution and a second involving the origin of field stars in the Galactic disc.
In the area of stellar evolution, the focus here is on sodium abundances in giants. Sodium abundance of a giant is predicted to be enhanced over the initial value thanks to sodium brought to the surface by the first dredge-up experienced as the star evolves up the red giant branch. This paper examines if the observed increase in the sodium abundance agrees with that predicted for post first dredge-up giants.
Concerning field stars a key premise is that open clusters dissolve over time with their stars joining the population of field stars in the Galactic disc. Then, one may ask if it is possible to assign field stars to their now-dissolved open ⋆ E-mail: bala@astro.as.utexas.edu clusters. This exercise would be aided greatly if each open cluster had a distinctive chemical compositions, i.e., one or more chemical tags (Freeman & Bland-Hawthorn 2002) . In an earlier paper ) based on the compositions of giants in open clusters, it was observed that the abundance of heavy elements (e.g., La and Ce) whose synthesis is attributed to the main s-process in AGB stars may have different abundances in clusters with otherwise identical compositions. This observation about abundances of heavy elements is pursued further in this paper as part of the dream of establishing a practical chemical tag. This is the first paper in our series on open clusters to be completed following the second Gaia data release (Gaia DR2, Gaia Collaboration et al. 2018 ) which consists of celestial positions, parallaxes, broad-band photometry for sources brighter than G-band magnitude 21. Gaia DR2 also provides radial velocities with typical errors of 0.3−1.8 km s −1 for stars brighter than GRV S = 12 mag, and high-quality transverse velocities at a precision of 0.07 mas yr −1 (G<15 mag) to 3 mas yr −1 (G<21) for an unprecedentedly large number of stars. With Gaia DR2, recent studies have presented revised cluster distances, proper motions, radial velocities, and investigated the distribution of open clusters in the 6D phase space Soubiran et al. 2018) . None of the five clusters in this paper, with c 2016 RAS the exception of NGC 7762, was considered previously with Gaia DR2. The photometric and astrometric parameters of cluster stars collected from Gaia DR2 allow us to confirm the cluster membership of red giants analysed in this paper. This paper is organized as follows: In Section 2 we describe observations, data reduction and radial velocity measurements. Section 3 is devoted to the abundance analysis and Section 4 to discussing revised cluster parameters. We present in Section 5 comparison with abundance determinations in the literature. In Section 6 we discuss the Na abundances in light of predictions for Na enrichment resulting from the first dredge-up. Section 7 discusses the heavy elements and the possible chemical tag they provide. Section 8 provided concluding remarks.
OBSERVATIONS AND DATA REDUCTION
Selection of red giants for subsequent spectroscopic observations was made by identifying stars having common proper motions at the putative red giant clump in the cluster colourmagnitude diagram (CMD). The CMDs created from the available BV and Gaia DR2 photometric magnitudes along with our program stars marked by red squares are shown in Figure 1 and Figure 2 whose details will be presented in later sections.
High-resolution and high signal-to-noise (S/N) ratio optical spectra of 18 giant stars in six OCs, namely Stock 2 (3 giants), NGC 2168 (3 giants), NGC 6475 (3 giants), NGC 6991 (4 giants) and NGC 7762 (3 giants) were observed in 2016 September, October and November with the Robert G. Tull coudé cross-dispersed echelle spectrograph (Tull et al. 1995) at the 2.7-m Harlan J. Smith telescope of the McDonald observatory. On all occasions we employed the camera with a 2048×2048 24 µm pixel CCD detector and 52.67 grooves mm −1 echelle grating with exposures centred at 5060Å in order 69. We secured two to four exposures of cluster giants in our target list (Table 1) with each exposure limited to 20-30 min to minimize the influence of cosmic rays and to acquire a global S/N of above 100. Each night's observing routine included five zero second exposures (bias frames), 15 quartz lamp exposures (flat frames), and 2-3 exposures of Th-Ar lamp spectra along with observing the targets. The two-dimensional spectral frames were extracted to one-dimensional images in multiple steps using various routines available within the imred and echelle packages of the standard spectral reduction software IRAF 1 . In short, each exposure of the program star was de-trended by removing bias level and the scattered light, and then divided by the normalized flat field. The individual echelle orders were traced, extracted to one-dimensional spectral format and then wavelength calibrated using Th-Ar lamp spectra as a reference. Observed spectra cover the wavelength range 3600−9800Å over multiple echelle orders in a single exposure, with gaps between echelle orders of 10-120 A for wavelengths longer than 6100Å, which is sufficient to 1 IRAF is a general purpose software system for the reduction and analysis of astronomical data distributed by NOAO, which is operated by the Association of Universities for Research in Astronomy, Inc. under cooperative agreement with the National Science Foundation.
perform an abundance analysis of elements sampling all the major processes of stellar nucleosynthesis.
All the spectra correspond to a resolving power of R = 60,000 (5 km s −1 ) as measured by the FWHM of Th I lines in comparison spectra. The spectrographic setup was stable throughout the night as inferred by the lack of significant systematic shift of Th I lines in comparison spectra ( 1 mÅ) taken at the beginning and end of the night. Our wavelength scale based on the thorium-argon spectra is accurate within a root-mean-square scatter of 3 mÅ. Multiple spectra of a star were combined to acquire a single spectra whose S/N ratios greatly exceed 100 per pixel, permitting reliable estimate of line equivalent widths (EWs) down to the 3 mÅ level. The combined spectra of each star has S/N values over 100 across many echelle orders, but for wavelengths shorter than about 4000Å the S/N ratio gradually drops and reaches a value of about 15 around 3600Å region.
The spectum of each red giant was trimmed, normalized interactively to unity. The radial velocity (RV) was measured from a set of 20 lines with well defined line cores. The observed RVs were transformed to the heliocentric velocities using the rvcorrect routine in IRAF. The methods of observations, data reduction and RV measurements are described in depth in Reddy, Giridhar & Lambert (2012 , 2015 . The properties of the cluster giants observed in this study are summarized in Table 1 together with the available optical and 2MASS 2 photometry (Cutri et al. 2003) 3 , computed heliocentric RVs, and S/N ratios measured around 6000Å.
Radial velocities and cluster membership
Extensive studies of proper motions and radial velocities exist in the literature for the members of OCs NGC 2168, NGC 6475, NGC 6991 and NGC 7762 excluding Stock 2. Although the proper motion data is available for all stars in the field of Stock 2, only the giant stars have been subjected to RV measurements in the literature. The agreement of measured RVs between ours and the literature sources is excellent given the slightly larger measurement errors in the literature. We summarize below the comparison of our results with those from literature to verify cluster membership of each stellar target.
NGC 2168
The mean RV of the cluster NGC 2168 was determined previously using a sample of dwarf and red giant members in three different studies: Barrado y Navascués, Deliyannis & Stauffer (2001, hereafter BN01), Geller et al. (2010) and Mermilliod, Mayor & Udry (2008) . BN01 measured radial velocities to an accuracy of σ =1 km s −1 from highresolution spectra (R∼20,000) of 39 main-sequence dwarfs showing no sign of binarity, obtaining a mean RV of the cluster of −8.0±1.5 km s −1 . NGC 2168 has been studied extensively as part of the WIYN Open Cluster Survey (WOCS; Mathieu 2000); consequently, membership has been established for the main-sequence dwarfs via both proper motions (McNamara & Sekiguchi 1986a ) and radial velocities (Geller et al. 2010) . Geller et al. (2010) determined the cluster mean RV of −8.16±0.05 km s −1 using the spectra of 344 solar-type stars within the magnitude range 13.0 < V < 16.5, whose individual RVs were estimated to a precision of ±0.5 km s −1 . Since we selected only giants for abundance analysis, we have no stars in common with the above two studies for a direct star-to-star comparison of velocities. But a comparison of the cluster mean RVs obtained between the studies is useful. The mean RV of −7.8±0.3 km s −1 (σ =0.1 km s −1 ) obtained for NGC 2168 using the three red giants in our study is compatible with the mean values computed previously by BN01 and Geller et al. (2010) from the cluster dwarfs.
The study of Mermilliod et al. (2008) involving all the red giants in common with our work has resulted a cluster mean RV of −8.4±0.5 km s −1 (σ =1.1 km s −1 ) which suggest a fair agreement between the analyses. Had we compared our RV estimates of individual red giants with those measured by Mermilliod et al., the fair agreement would be essentially unchanged given the measurement uncertainties between the studies. Excellent agreement of the cluster mean RV between the red giants and main-sequence dwarfs of NGC 2168 strengthens identification of the giant stars selected for abundance analysis in this paper as cluster members.
NGC 6475
Mermilliod, Mayor & Udry (2009) reported radial velocities from CORAVEL spectrovelocimeter observations of 75 main-sequence stars in the field of the open cluster NGC 6475. Excluding 9 spectroscopic binaries, the mean RV of −14.8±0.2 km s −1 was computed using 33 potential members of NGC 6475. With a typical uncertainty of 0.5−2.5 km s −1 in individual measurements, the standard deviation in the mean RV of the above sample is about σ =1.3 km s −1 . In a different study, Mermilliod et al. (2008) reported radial velocities of two of the red giants in this cluster among which the star HD 162587 was classified as a double-lined spectroscopic binary.
Two separate observations of the star HD 162587 were made, as the spectrum acquired on October 18, 2016 exhibits a clear sign of core splitting of the spectral lines that prompted us to reobserve the star on November 14, 2016 whose spectrum shows the evidence of double-lined nature of HD 162587. Excluding the star HD 162587 in table 1, we estimated the cluster mean RV of −14.4±0.1 km s −1 (σ =0.1 km s −1 ) using two red giants. An excellent agreement of the mean RVs computed independently from the red giants and a large sample of main-sequence dwarfs (Mermilliod et al. 2009) show that the giant stars included in our study are members of NGC 6475.
NGC 6991 and NGC 7762
We measured a mean radial velocity of −12.6±0.3 km s −1 (4 giants) and −47.5±1.4 km s −1 (3 giants) for NGC 6991 and NGC 7762, respectively. The velocity dispersion found among these cluster giants is typical of what is seen among members of most Galactic OCs. The typical velocity dispersion of a virialized OC is of the order of 1 km s −1 or less with the supplementary condition that the presence of undetected binaries can inflate the measured velocity dispersion of a cluster by many km s −1 (Girard et al. 1989; Geller, Latham & Mathieu 2015) . Although the intrinsic velocity dispersion of NGC 7762 is slightly higher than the typical of OCs, such a large radial velocity dispersion was measured previously among stars in this cluster (Casamiquela et al. 2016; Carraro, Semenko, & Villanova 2016) . Therefore, we consider that the giant stars observed in this study are potential members of the respective OCs in Table 1 .
The radial velocities for some of our cluster members were measured previously in two different studies: Casamiquela et al. (2016) have reported RVs for 6 stars each in NGC 6991 and NGC 7762 from the high-resolution spectra (R 62,000) acquired at the Spanish Observatories. For stars in common between the studies, the RV measurements are in fair agreement with mean differences of +0.2±0.2 km s −1 (3 stars) and +0.2 km s −1 (1 star) for stars in NGC 6991 and NGC 7762, respectively. Carraro et al. (2016) have measured RVs and metallicities using the medium resolution spectra (R 13,000) of 8 giants in NGC 7762, of which we have two stars in common. Although our RV estimates agree well for one star (#110), the other star (#91) in NGC 7762 exceeds Carraro et al.'s value by +2.5 km s −1 . However, noting the larger velocity differences in the range −2.4 to +2.6 km s −1 for five stars in common between the analyses of Carraro et al. and Casamiquela et al. (see Table 2 in Carraro et al. 2016) , the larger velocity difference found here for one star is not surprising.
Stock 2
Although the radial velocity information exists only for a few giants in the field of Stock 2, accurate proper motions of the cluster members within an area of 70 ′ × 70 ′ were measured previously by Spagna et al. (2009) . Using a sample of 275 main-sequence dwarfs satisfying the conditions of i) measurement errors within 1.55 mas yr −1 each in proper motions and ii) the membership probabilities Pr 90%, Spagna et al. measured the cluster mean proper motions of µα cos δ = +16.27±0.09 mas yr −1 and µ δ = −13.33±0.07 mas yr −1 . The selection of three red giants for spectroscopic observations was made on the basis of close agreement of their proper motions with that of the cluster mean. We computed the cluster mean proper motions of µα cos δ = +16.55±0.62 mas yr −1 and µ δ = −13.25±0.31 mas yr −1 from the three red giants having a typical proper motions uncertainty of 0.08 mas yr −1 each from the Gaia astrometry (Gaia Collaboration et al. 2018) . These values compare well with the values obtained from the main-sequence dwarfs in the literature. Although two of the cluster giants with IDs 43 and 1082 were classified as spectroscopic binaries by Mermilliod et al. (2008) , we found no evidence of double-lined spectrum. Hence, we consider both the stars as single-lined binaries and conclude that the spectral energy distribution of the secondary companion must have negligible effect on the abundance analysis of these stars. Two of the cluster giants in Table 1 
STELLAR PARAMETERS AND CHEMICAL COMPOSITION

Line list
The line list comprising the atomic line data was taken from our previous papers (Reddy et al. 2012 (Reddy et al. , 2013 and the line equivalent widths were measured interactively from the spectra of program stars using the splot task in IRAF. 
Stellar parameters
To determine the stellar parameters and the chemical abundances of program stars, we followed the standard spectroscopic technique that requires a line list, model photospheres and a spectral analysis code. We used the grid of ATLAS9 one-dimensional, line-blanketed plane-parallel uniform LTE models computed with updated opacity distribution functions from Castelli & Kurucz (2003) . The desired model photosphere characterized by a specific combination of temperature, gravity, microturbulence and metallicity was extracted from the extensive grid of ATLAS9 models via the linear interpolation software written by Carlos Allende Prieto 4 . To compute the chemical abundances, we used the line list and model photosphere as inputs to the LTE line analysis and spectrum synthesis code MOOG 5 . However, the first step in the abundance analysis is the selection of a suitable model photospheric temperature and gravity. We obtained such preliminary estimates using the optical and 2MASS photometric colours (B-V), (V-Ks) and (J-Ks) following the precepts discussed in Reddy et al. (2012) . We derived the star's photometric effective temperature, T phot eff⋆ , by substituting the dered-4 http://www.as.utexas.edu/~hebe/stools/ 5 MOOG was developed and updated by Chris Sneden and originally described in Sneden (1973) dened 6 photometric colours into the infrared flux method based colour−temperature calibrations of Alonso, Arribas & Martínez-Roger (1999) .
The photometric estimates of surface gravities, log g phot , were made by incorporating the heliocentric distance of the cluster, photometric temperature, bolometric correction BCV , cluster turn-off mass M⋆ and the solar parameters of T eff ,⊙= 5777 K and log g⊙= 4.44 cm s −2 into the well known log g − T eff relation (Reddy et al. 2012) . Estimates of BCV s were made using Alonso et al.'s (1999) calibrations connecting the photometric temperature and metallicity.
The turn-off masses of giants have been estimated by achieving a good match between the cluster CMD and Padova stellar evolutionary tracks of Marigo et al. (2008) : the adopted turn-off masses are 3.6, 4.6, 3.8, 2.1 and 1.5 M⊙ for Stock 2, NGC 2168, NGC 6475, NGC 6991 and NGC 7762, respectively. Although the initial set of fundamental parameters (age, distance, reddening and metallicity) of OCs utilised in colour−temperature calibrations and isochrone fitting is drawn from the WEBDA database drawn, they were revised later using the spectroscopic estimates of cluster metallicities.
To mitigate the systematic errors in our final stellar abundances, we performed a differential abundance analysis of stars relative to the Sun by running the abfind driver of MOOG. Following Reddy et al. (2012) , reference solar abundances were derived using solar EWs, measured off the solar integrated disk spectrum (Kurucz et al. 1984) , and adopting the ODFNEW grid of Kurucz model photosphere with T eff ,⊙ = 5777 K, log g⊙ = 4.44 cm s −2 and [Fe/H]=0.00. We found a microturbulence velocity of ξt = 0.93 km s −1 using Fe II lines.
Spectroscopic atmospheric parameters (i.e., effective 6 The adopted interstellar extinctions are (
, where E(B-V) is taken from the WEBDA database temperature T eff , surface gravity log g, microturbulence ξt and metallicity [Fe/H]) of program stars were derived in an iterative manner using iron line EWs thanks to numerous Fe I lines with good coverage in line's LEP from ∼ 0.0 to 5.0 eV throughout the optical region of spectra as well as Fe II lines with a range in measured EWs. Starting with a Kurucz model with photometric estimates of temperature and gravity, the individual iron line abundances were force-fitted to match the model-generated iron line EWs to observed ones by imposing the conditions of excitation and ionization balance of Fe I and Fe II lines as well as the independence between the iron abundances and line's reduced EWs. First, the microturbulence assumed to be isotropic and depth independent was derived by requiring that the iron abundance from Fe I and Fe II lines be independent of a line's reduced equivalent width, REW=log (EW/λ). The value of ξt derived from iron lines is confirmed by other species due to Ni I, Ti I, Ti II, V I, Cr I and Cr II. Second, the effective temperature was adjusted in steps of 25 K until the slope of iron abundance from Fe I lines with line's LEP was less than 0.004 dex/eV (excitation equilibrium). This condition is also reasonably satisfied for the lines of other species like Ti I and Ni I. Third, the surface gravity is adjusted until the difference in average abundances of Fe I and Fe II lines is smaller than 0.02 dex for the derived T eff and ξt (i.e. ionization balance between the neutral and ionized species). Ionization balance is also satisfied reasonably well by other species such as Ti and Cr having neutral and ionized lines. The final stellar parameters provided in Table 2 were obtained via several iterations when these three conditions were simultaneously satisfied.
Following the procedure described in , we obtained uncertainties of 50 K, 0.1 dex and 0.1 km s −1 in T eff , log g and ξt, respectively, where each stellar parameter is varied while keeping other two parameters fixed until the three conditions imposed in derivation of stellar parameters produce spurious slopes and introduce ±1σ shift each in the average Fe abundance and in the difference between Fe I and Fe II abundances.
A comparison of photometric atmospheric parameters with estimates from spectroscopy is offered in table 2. With few exceptions, our spectroscopic T eff s and log gs are in good agreement with photometric ones: Mean differences in photometric temperatures estimated using (B-V) and (V-K) is +9 ± 184 K and using (V-K) and (J-K) is +95 ± 250 K. The corresponding mean differences between (B-V), (V-K) and (J-K) based colour temperatures and the spectroscopic T spec eff 's are −9 ± 128 K, −19 ± 201 K and −114 ± 218 K, respectively. No single color-based temperature agrees well with corresponding spectroscopic temperatures for all stars. However, the differences between photometric and spectrographic estimates are within the uncertainties found between different colour-based temperatures for the same star. The mean differences in gravities and luminosities across the sample of 17 stars (neglecting HD 162587) are +0.14±0.26 dex and −0.10±0.27, respectively.
The photometric stellar parameters derived from the infrared flux method based colour−temperature calibrations are mainly sensitive to the adopted colours, reddening, metallicity and distance modulus of the cluster. An uncertainty of 0.02 mag. each in (B-V) and E(B-V), and an error of 0.05 dex in metallicity translates to errors of 65 K and 52 K in temperatures measured from (B-V) and (V-K) relations, respectively. Although the (J-K) vs. T eff relation is independent of metallicity, errors of 0.02 mag. and 0.011 (i.e., 0.54*E(B-V)), respectively in colour and reddening contributes a total temperature uncertainty of 68 K. Here the total error in T eff is the quadratic sum of errors introduced by varying the respective parameters used in the photometric relations. Note, however, that these are the lower limits whose values tend to increase if true errors are adopted. Similarly, the above errors in T eff s and an uncertainty of 0.2 mag. in distance modulus yield an uncertainty of 0.08 dex in photometric estimates of surface gravities. Again the inclusion of differential reddening instead of adopting a single value for all members in a given cluster may further boost uncertainties in photometric stellar parameters.
These errors in photometric stellar parameters are too large given the small uncertainties in the reddening estimates. Should we adopt the photometric estimates for model photospheres in the abundance analysis, we will find a steep slope of Fe I abundance with line's LEP and the ionization balance between the neutral and ionized species will also be disturbed. Therefore, to be consistent, we will consider the spectroscopic model photospheres as the final atmospheric parameters for stars under analysis.
The measurement of chemical abundances of program stars was extended to other species using line EWs and the spectroscopic atmospheric parameters derived previously from iron line EWs. But synthetic profiles were computed and matched to the stellar spectra to derive abundances for lines affected by hyperfine structure (hfs) and isotopic shifts and/or affected by blends. The suite of lines included in the synthetic spectrum analysis are Sc, Mn, Cu, Zn, Ba and Eu. We followed the standard procedure of synthetic profile fitting by running the synth driver of MOOG.
The chemical abundances for the individual cluster members averaged over all available lines of given species are presented in Tables 6−9, relative to solar abundances derived from the adopted gf -values (see Table 4 from Reddy et al. 2012) . To compute the errors in elemental abundances, we repeated the abundance analysis by varying each stellar parameter separately by an amount equal to its uncertainty, while keeping other two parameters fixed. Additionally, we considered the error introduced by varying the model metallicity by 0.1 dex. The systematic uncertainty associated with the abundances is the quadratic sum of these four error terms. The random error in the mean abundance of a species El is replaced by the σ [El/F e] / (N lines ), where N lines is the number of lines of species El. The total error σtot for each of the species is the quadratic sum of the systematic and random errors. The final mean chemical composition of each OC and the σtot from this study are presented in Table 3 . Tables 6−9 shows that the giants common to a cluster have the same composition to within the estimated total error with almost no exceptions. The exceptions are abundances (e.g., Cu) based on a single line. Although the number of giants per cluster is few, their common composition within a cluster is consistent with the assumption of a chemical homogeneity for a cluster. Each giant was analyzed independently of all other giants and without knowledge about its host cluster and, thus, abundances for giants belonging to a common cluster provide an estimate of the measurement uncertainties. Table 3 shows, as anticipated, for clusters with [Fe/H] ≃ 0.0, that [El/Fe] ≃ 0.0 for almost every element lighter than Ni in every cluster. Sodium might appear to be an exception but Na, as discussed below, is enriched through the first dredge-up. Ba to Eu enrichments in some clusters are expected, as discussed below 
Inspection of
Examination of
REVISED CLUSTER PARAMETERS
With the membership information based on proper motions and radial velocities of stars and the spectroscopic values of [Fe/H] measured to an accuracy of 0.05 dex, we have determined a refined set of cluster fundamental parameters using the Padova suite of stellar evolutionary tracks (Marigo et al. 2008) .
To construct the CMDs, we relied mostly on the BV and Gaia DR2 photometry for all but the OC NGC 6991. For the cluster NGC 6991 whose (V, B-V) CMD is poorly populated and clearly lacks a well-defined cluster main-sequence, we measured the cluster parameters from Gaia DR2 CMD. Sources of the cluster UBV data include Krzeminski & Serkowski (1967) and Foster et al. (2000) for Stock 2, Sung & Bessell (1999; NGC 2168) , Prosser et al. (1995; NGC 6475) , Kharchenko et al. (2005; NGC 6991 ) and Maciejewski et al. (2008; NGC 7762) . Figure 1 provides (V, B-V) CMDs for all but clusters NGC 6991 and NGC 7762 with the radial velocity and proper motions confirmed members of each cluster highlighted with red filled circles (dwarfs) and squares (giants). The CMD of NGC 6991 and NGC 7762 will be discussed separately in the next section. Sources of proper motions and RVs of stars in each of the OCs are discussed previously in Section 2.1.
We generated several Padova isochrones of varying age with a fixed spectroscopic [Fe/H] and compared them with the observed CMDs (Figure 1) . Starting with the published cluster age, distance and reddening, the isochrones were shifted horizontally along the colour axis to determine the reddening E(B-V) and vertically to deduce the distance modulus (m-M)V until the MS turn-off point, MS slope and colour, and the red clump were fitted simultaneously. Finally, we retained in each CMD a set of three isochrones separated in age by 0.1 dex that best covers much of the lower main-sequence down to fainter magnitudes. The bestfitting isochrone was judged by visual inspection of CMDs in figure 1 , where the middle isochrone correspond to cluster's age with an error of 0.1 dex represented by the neighbouring tracks. We estimated the reddening and distance modulus of the cluster from the best fitting evolutionary track with typical errors of 0.04 and 0.15 dex, respectively.
In general the isochrone fits are reasonably good for the main-sequence, turn-off, and red clump regions of all OCs. Although the red clump colour in the observed CMD of Stock 2 is bluer by 0.04 than in the model evolutionary tracks, such a small difference is comparable to systematic errors in the calibration of the photometry. We have verified the cluster parameters obtained using the BV photometry with those calculated from Gaia astrometry (Gaia Collaboration et al. 2018) . The CMDs of OCs based on Gaia DR2 photometry with the set of theoretical isochrones from Marigo et al. (2008) are shown in the bottom rows of Figure 1 and Figure 2 . The proper motions of cluster members used in constructing these Gaia CMDs are shown in figure 3. Theoretical isochrones from the isochrone tables are transformed from the Johnson-Cousins photometric system to Gaia photometry using the transformation polynomials involving V, (V-I), G and (GBP -GRP ) (Jordi et al. 2010) . These transformed isochrones best fit the CMDs based on Gaia photometry for the cluster parameters listed in table 4. Further refinement of cluster parameters using isochrones is not necessary for this paper which focuses mainly on the detailed chemical composition of each cluster.
We present in Table 4 the revised fundamental parameters of OCs from this study including those values calculated using the Gaia astrometry. An excellent agreement between the cluster parameters obtained independently using the BV photometry and Gaia DR2 photometry and astrometry is evident. A close match of the astrometric parameters of red giants analysed in this paper (Table 5 ) with cluster parameters obtained from CMDs and the cluster mean parameters from Gaia DR2 (Table 4 ) confirm the membership of red giants to OCs. Thus, the Gaia DR2 astrometry and photometry provides an independent measure of the cluster fundamental parameters, including the improved proper motions, distances and membership information of cluster giants analysed in this work.
NGC 6991
Kharchenko et al. (2005) performed the first and only photometric membership study of the poorly populated OC NGC 6991 whose BV photometry collected from the AllSky Compiled Catalogue of 2.5 Million Stars (ASCC-2.5, Kharchenko et al. 2001 ) covers a 24 arcminute radius field of view centered on the cluster at α(J2000)=20 h 54 m 32 s , δ(J2000) = +47
• 27 ′ . Yet the majority of faint stars in the cluster's field of view lack UBV data due to the relatively bright limiting magnitude (V≈ 14 mag) of the ASCC-2.5 catalogue. Kharchenko et al. estimated a cluster age of 1.3 Gyr, a reddening of E(B-V)=0.0 and a heliocentric distance of 700 parsec by fitting isochrones to the sparsely populated (V, B-V) colour-magnitude diagram such as the one shown in Figure 2 .
However, the ready availability of Gaia DR2 photometry and astrometry from Gaia mission (Gaia Collaboration et al. 2018 ) helped us to to derive accurate cluster properties. Gaia DR2 photometry was collected only for stars of common parallax and proper motions in a radius of 25-arcminute field around the cluster center.
The first panel in the bottom row of Figure 2 displays the Gaia based CMD constructed from the sample of stars whose individual proper motions have resulted a mean cluster motion of µα cos δ =+5.58±0.71 mas yr −1 in right ascension and µ δ =+8.49±0.72 mas yr −1 in declination.
Gaia CMD reveals a well-defined main-sequence along with a clump of red giants at G(mag)∼10 and (GBP -GRP )∼1.2. The optimum fit by eye to the Gaia DR2 observations yields a reddening of E(GBP -GRP )=0.15±0.04 (i.e., E(B-V)=0.12±0.03) and a distance modulus of G−MG = 9.1±0.1 (V−MV = 9.2±0.1), corresponding to a cluster distance of d = 573±25 parsec from the Sun. The solar metallicity Padova isochrone from Marigo et al. (2008) that best fits the observations has log (t)=9.0±0.1 yr that translates to a cluster age of 1.0±0.2 Gyr. We have verified that the cluster distance and age obtained from Gaia CMD also fits well the (J, J-H) and (Ks, J-Ks) CMDs for the JHKs photometry taken from 2MASS survey (Skrutskie et al. 2006) .
RESULTS
Comparisons with the literature
An aim of our abundance analyses is to provide information on chemical compositions for open clusters not previously studied spectroscopically. This aim often means that there is a scarcity of abundance determinations in the literature with which to compare our results. At present, there are analyses from spectra for giants in two (NGC 6475 and NGC 7762) of the five clusters in the present paper and iron abundance determinations for NGC 6691 and NGC 7762.
NGC 6475
The chemical content of NGC 6475 was determined previously by Villanova, Carraro & Saviane (2009) from UVES high-resolution spectra (R = 80000) of the red giants HD 162391 and HD 162587 and two B-type and three F-K-type main sequence stars. Here, we restrict the comparison to the red giant HD 162391; HD 162587 is rejected because we find it to be a double-lined spectroscopic binary. Systematic differences between the hot and cool main sequence stars and the giant HD 162391 may vitiate an abundance comparison.
For HD 162391, our [Fe/H] = −0.01 ± 0.03 is in fine agreement with +0.02 ± 0.01 determined by Villanova et al. Their abundance ratios [El/Fe] agree with ours to ±0.10 except for Na, V, Zn and Ba with the largest (Us -Villanova) of -0.29 occurring for Na. Our analysis of HD 162391 is fully confirmed by our results for HD 162496 (Table 7) .
Blanco-Cuaresma et al. (2015) provide an abundance analysis of a main sequence star in NGC 6475. Elements from Na to Ba were considered. The [Fe/H] of +0.04 ± 0.05 is in good agreement with our [Fe/H] −0.01 ± 0.03 from the two red giants. Inspection of the differences (Us -B-C) shows that for all the elements in common but Na they range from only −0.07 to +0.06. The Na difference is +0.34 indicating the red giant's expected Na enrichment from the first dredge-up (see below). A sceptic might question the validity of a comparison involving a dwarf and a giant on the grounds that systematic effects may vitiate the comparison. Such a question may be examined because Blanco-Cuaresma et al. analysed six clusters for which spectra of both dwarfs and giants were available. In all six clusters, the differences in [Fe/H] and [El/Fe] between giants and dwarfs (except, of course for Na) were within ±0.10 and mean difference were within ±0.05 dex except for Mg (+0.06), Si (+0.10) and Sc Table 4 . Cluster fundamental parameters derived in this study using the BV (Columns 3−6) and Gaia based CMDs (Columns 7−10). The cluster parameters derived using the Gaia CMDs are in excellent agreement with those determined from CMDs based on BV photometry. 1.01 ± 0.01 1.237 ± 0.235 4.020 ± 0.126 (+0.07) with standard deviations of less than 0.03 except for Ba (0.06). In brief, the above comparison for NGC 6475 of a dwarf with a giant appears valid.
NGC 6991
The [Fe/H] of NGC 6991 was determined from highresolution spectra by Casamiquela et al. (2017) : they in their Table 9 found [Fe/H] = −0.01 ± 0.03 from six giants. Our value (Table 3 ) from four giants is +0.01 ± 0.04) in excellent agreement. Casamiquela et al. report [Fe/H] for seven clusters in common with our full sample. For the common seven including NGC 6691 and NGC 7762, the mean difference (Us -C) is a mere −0.04 ± 0.04. Unfortunately, Fe was the only element reported on by Casamiquela et al.
NGC 7762
The [Fe/H] of NGC 7762 was determined from highresolution spectra by Casamiquela et al. (2017) : they (their Table 9 ) found [Fe/H] = 0.01 ± 0.04 from five giants. Our value (Table 3 ) from three giants is −0.07 ± 0.04). These three giants are slightly more evolved than the five selected by Casamiquela et al. These [Fe/H] estimates are in good agreement. An abundance analysis covering Na, Si, Ca, Ti, Fe, Ni and Ba was reported by Carraro, Semenko & Villanova (2016) from medium resolution (R ≃ 13000) spectra of the interval 5940-6690Å. The mean [Fe/H] = +0.04 ± 0.12 with a range of −0.15 to +0.18 across the sample of eight giants. This mean is consistent with our Fe abundance from three giants.
Our sample includes two of the eight giants observed by No evidence for a barium overabundance is shown by our spectra. The differences in atmospheric parameters are too small to yield a Ba abundance difference of 0.3 dex. We provide in Figure 4 synthetic spectra fits to the observed spectra of #91 and #110 in the region of the Ba ii 5854Å line. The near-solar [Ba/Fe] ratio obtained in our analysis takes into account, as necessary, the hyperfine structure and isotopic shifts in the spectrum synthesis.
SODIUM ABUNDANCES AND THE FIRST DREDGE-UP
Non-LTE corrections
Sodium is expected to be enriched in the atmosphere of a giant thanks to the first dredge-up. Since the enrichment is predicted to be slight, we consider how non-LTE effects may alter our LTE abundances of Na, Al (a useful reference element) and Fe. the Na abundances derived assuming LTE were corrected for non-LTE effects using the grids of Lind et al. (2011) . The corrections were derived on a line-by-line basis, using the stellar parameters (e.g., T eff , log g) and the EWs of Na lines (5688.20, 6154.22 and 6160.74Å) of each star as input to the interactive non-LTE database 7 . The average non-LTE sodium abundance for all stars including the Sun is lower than its average LTE abundance by values in the range −0.09 to −0.14 dex. The average non-LTE correction of −0.09 dex obtained for the Sun using the above set of three Na lines makes our reference non-LTE Na abundance as log ǫ(Na)= 6.26 dex. As a result, our NLTE Na abundances derived relative to the Sun are not very much different from the differential LTE Na abundances. The non-LTE corrections applied for cluster giants in our analysis reduce the differential LTE Na abundance on an average by 0.0 to −0.05 dex.
The non-LTE corrections for Al were computed using the extensive grids of abundance corrections discussed in Nordlander & Lind (2017) . The non-LTE Al abundance calculations were carried out using the stellar parameters and LTE Al abundances for the 7835, 7836, 8773, and 8774Å lines as input to the source code 8 of Nordlander & Lind. We derived an averaged non-LTE Al abundance correction of −0.02 dex for the Sun and corrections in the range −0.08 dex to −0.17 dex for the cluster giants. Our revised non-LTE Al solar abundance is 6.31 dex. These corrections for the cluster giants lower average LTE Al abundances by values in the range −0.06 to −0.15 dex. Table 10 lists LTE derived abundances of Na and Al in OCs (this paper and Reddy et al. 2012 Reddy et al. , 2013 and their non-LTE counterparts.
Additionally, we derived non-LTE iron abundances for our sample of giants in the OCs (Lind et al. 2011) . At the metallicity of our cluster's giants (0.0 to −0.26 dex), we 7 http://www.inspect-stars.com/ 8 Available online at https://www.mso.anu.edu.au/~thomasn/NLTE/ derived a non-LTE Fe i correction of +0.02 dex and the abundance of 7.54 dex for the Sun and +0.02 to +0.06 dex for giants using a representative set of iron lines (FeI: the 6240.6, 6252.6, 6498.9, 6574.2, 6609.1, 6739.5, 6750.1, 6793.2; Fe ii: 5425.3, 6247.6, 6369.5 lines) and for stellar parameters and abundances representative of the giants in our sample of OCs. The non-LTE Fe ii corrections derived for the Sun and red giants are almost 0.0 dex. The average non-LTE iron abundance corrections derived for cluster giants is about +0.03 dex. Therefore, these corrections to our LTE Fe abundance do not affect significantly the global behaviour of NLTE [Na/Fe] with a cluster's turn-off mass.
Not only are non-LTE corrections themselves a source of uncertainty affecting the Na, Al and Fe abundances but because different non-LTE calculations may have been used in previous papers reporting on Na enrichment comparisons of published abundances should be adjusted to a common set of non-LTE corrections. Effects of alternative predictions of corrections for non-LTE effects on Na abundances are discussed by Alexeeva, Pakhomov & Mashonkina (2014) who provide their own calculations for the commonly used Na i lines. For solar metallicity red giants, the range in published non-LTE corrections is of the magnitude of the predicted increase from the first dredge-up. Consider the case of the cluster Collinder 261 where the mass of the red giants is too low for Na enrichment to be expected (see below) but Carretta et al. (2005) reported [Na/Fe] = +0.33 ± 0.06 after applying non-LTE corrections from Gratton et al. (1999) . Smiljanic et al. (2016) remark that this [Na/Fe] becomes [Na/Fe] ∼ 0.0 after using the more sophisticated calculations of non-LTE corrections from the Lind et al. (2011) instead of the Gratton et al. grid, a reduction in Na abundance by about 0.3 dex. (A giant's [Na/Fe] also depends, of course, on the adopted solar Na and Fe abundances and the non-LTE corrections applied to them.) 
Sodium enrichment and stellar mass
The composition of a red clump giant differs from that of its main sequence progenitor thanks to the deep convective envelope developed as the star ascends the first giant branch. This development results in what is known as the first dredge-up. Changes in composition primarily affect the elemental and isotopic abundances of C, N and O because these nuclides participate in a series of H-burning reactions in the interior regions of the main sequence star subsequently tapped by the convective envelope. Not surprisingly, there is an extensive literature on predicted and observed changes to these nuclidic abundances. Within the span of elements considered here -Na to Eu -sodium is the sole element whose surface abundance is predicted to be detectably increased by the first dredge-up thanks to conversion of 22 Ne to 23 Na in the interior prior to the first dredge-up. Our initial choice of predictions for the Na enrichment following the first dredge-up is taken from Karakas & Lattanzio (2014) . The predicted increase in [Na/Fe] is a function of a giant's mass which we identify with the cluster's turn-off mass.
Given that this and our previous papers on open clusters have provided Na abundances for red giants with masses of 1 to 4 M⊙ from a common analysis it seems appropriate to examine whether Na enrichment in giants follows the theoretical prescription and, particularly, since Karakas & Lattanzio (2014) in their comprehensive review noted 'conflicting results' for Na abundances reported in the literature. Our commentary is not exhaustive because not only do the observations depend on several factors (e.g., the non-LTE corrections to the Na, Al and Fe abundances) but available papers providing predictions concerning Na enrichments for red giants are few in number and their predictions differ somewhat for reasons not entirely transparent to observers.
In our discussion, we combine Na with Al because abundances from the Na i and Al i lines depend in a quite similar fashion on uncertainties around the atmospheric parameters and all modelling of the first dredge-up predicts that in contrast to Na, the surface abundance of Al is not increased. Thus, the signature of the first dredge-up is an increase of [Na/Fe] but an unchanged [Al/Fe]. Discussion below draws on estimates of the non-LTE abundances of Na, Al and Fe listed in the table 10 and are discussed in Section 6.1. Initial comparison of our observed abundances with predictions considers the mean values for each cluster as a function of a cluster's turn-off mass M turn−off -see Figure 5 where clusters are separated into three categories by their [Fe/H]. Within a single cluster when several giants were analysed, the Na abundances are homogeneous with a typical star-tostar abundance scatter of about 0.05 dex or less. Although the number of giants per cluster is always small, the lack of scatter in [Na/Fe] across a cluster suggests that Na enrichment is not affected greatly by factors which might be expected to vary from star-to-star as, for example, stellar rotation velocity which is predicted to affect the enrichment of Na at the surface.
To begin comparison of observed and predicted abundances of Na and Al, a reference set of predictions for [Na/Fe] is taken from Karakas & Lattanzio (2014, their Figure 8) . All available modelling of the first dredge-up shows that Al is not enriched at the surface. Predictions for [Na/Fe] shown in Figure 5 by the continuous curve refer to stars of metallicity Z = 0.02 after the standard first dredge-up. Solar abundances provided by Asplund et al. (2009) correspond to Z = 0.0142 which implies that Z = 0.02 corresponds to [Fe/H] = +0.14, as Karakas & Lattanzio note, but the predictions are insensitive to Z over the range covered by our clusters. But Z is not the only relevant indicator of a model's composition. Since Na enrichment depends on conversion of 22 Ne to Na, the adopted initial 22 Ne abundance is relevant in predicting the post dredge-up Na abundance. In the solar system, Ne's three stable isotopes have relative abundances of 20 Ne: 21 Ne: 22 Ne of 92.9:0.2:6.8. Karakas & Lattanzio's Z = 0.02 corresponds to a total Ne abundance of 7.97±0.10 dex on the customary scale where the H abundance is 12.0. In standard models of stellar evolution, surface abundances of red giants evolved beyond the point on the first red giant branch at which the first dredge-up is complete are not subject to additional change in surface composition until stars evolve up the asymptotic giant branch. Thus, the predictions shown in Figure 5 should apply to our sample of red giants which is dominated by He-core burning (clump) giants. These predictions for the standard first dredge-up are very similar to those illustrated by Hamdani et al. (2000) for Z = 0.018 with, perhaps, the same nuclear reaction rates adopted by Karakas & Lattanzio but using a stellar evolution code by Mowlavi (1999) -see also similar predictions provided by models computed by Ventura et al. (2013) and ilustrated by Smiljanic et al. (2018, Figure 3 ).
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Another set of predictions for He-core burning giants following the standard first dredge-up is provided by Lagarde et al. (2012 , see also Charbonnel & Lagarde 2010 for an initial composition corresponding to Z = 0.014, the solar composition according to Asplund, Grevesse & Sauval (2005) , but with an enhanced Ne abundance (Ne = 8.11 rather than the 2005 value of 7.84) but -presumably -the same isotopic fractional abundances. Lagarde et al.'s predictions confirm the onset of Na enrichment at M turn−off ≃ 2M⊙ but yield larger Na enrichments than predicted by Karakas & Lattanzio at higher masses, i.e., [Na/Fe] ≃ 0.25 for M turn−off ≃ 3M⊙ to 6M⊙. Figure 5 . We surmise that the higher [Na/Fe] predicted by Lagarde et al. (2012) are in part due to their higher adopted Ne abundance. Since Ne is not detectable in the solar photospheric spectrum, its solar abundance is estimated from the solar coronal spectrum or the measurement of solar energetic particles. Lagarde et al. chose to adopt a Ne abundance obtained from spectra of local young B stars where Ne lines are measurable (Cunha, Hubeny & Lenz 2006) . Predicted [Na/Fe] are also sensitive to the adopted nuclear reaction rates, especially for the 22 Ne(p,γ) 23 Na reaction. Hamdani et al. (2000) chose the NACRE rates (Arnould, Goriely & Jorissen 1999) and find that predicted [Na/Fe] may be substantially changed by adjusting the key rate to its maximum and minimum values, e.g., at M turn−off = 3M⊙, the NACRE rates give [Na/Fe] = +0.15 but rates adjusted to their maximum and minimum give [Na/Fe] = +0.23 and +0.09, respectively. The 22 Ne(p,γ) rate has been the subject of extensive recent scrutiny -see, for example, Ferraro et al. (2018) .
The above predictions refer to the standard first dredgeup, i.e., the additional mixing on the first giant branch now commonly referred to as 'thermohaline' mixing and mixing in the interior of the main sequence star arising from rapid rotation were not included. Lagarde et al. reported additional calculations in which both thermohaline and rotation-induced mixing were included. A clear indicator that thermohaline (or an equivalent) mixing occurs in stars is the well known presence of low 12 C/ 13 C ratios in giants in conflict with the higher ratios expected from the standard first dredge-up alone. In contrast to this isotopic ratio, the [Na/Fe] predictions are little affected by addition of thermohaline mixing to the physics of the first dredge-up -see Charbonnel & Lagarde (2010, Figure 21 ). Rotationinduced mixing in a main sequence star may raise [Na/Fe] at a given mass and also may lower the minimum mass for the onset of surface Na enrichment. Charbonnel & Lagarde (also, their In light of the uncertainties around the predicted Na enrichment from the first dredge-up, it is fair to conclude that the predicted [Na/Fe] and [Al/Fe] for giant stars with initial masses from about 2M⊙ to 5M⊙ match the observed values for giants from our collection of clusters. The scatter in Na abundances at a given mass does not exceed the measurement errors and, thus, rotationally-induced mixing is unlikely to be a major contributor inside the main sequence progenitors. An obvious lacuna in our measurements of Na in red giants concerns low mass stars, M < 2M⊙, where Na enrichment is not expected unless rotationally-induced mixing is severe. (Two of our clusters have a turn-off mass of less than 1.5M⊙ and one (NGC 2682) appears to be Na enriched beyond expectation. Such a large value of [Na/Fe] measured in our study for NGC 2682 is in agreement with others in the literature (see Table 7 in Reddy et al. 2013) .) Exploration of the range below about 1M⊙ is difficult because few clusters survive for the 10 billion years or longer necessary for these low mass stars to become red giants. Additionally, slowly-acting atomic diffusion can distort the surface compositions of stars at the main sequence turn-off and so corrupt the giant-main sequence comparison.
There are, however, five clusters with M turn−off 2M⊙ for which Na has been measured: Collinder 261, Trumpler 20, NGC 2243, Berkeley 25 and Ruprecht 147. Collinder 261 was initially (Carretta et al. 2005) reported to be Na rich but Smiljanic et al. (2016) argued that more appropriate non-LTE corrections lead to [Na/Fe] ∼ 0.0 (see above). Smiljanic et al. (2016) Bragaglia et al. (2018) obtaining the non-LTE value [Na/Fe] = 0.24 for giant stars and 0.08 for main sequence stars or a +0.16 increase for the giants. All of these clusters have a metallicity near solar. Unless there are hidden offsets in these analyses, it appears that sodium in giants with masses of less than about 2M⊙ is, as predicted, not enriched.
Cluster giants with masses above 2M⊙ have been analysed by others. Clusters from the Gaia-ESO survey are discussed by Smiljanic et al. 2016 Smiljanic et al. , 2018 (Bagdonas et al. 2018 ) with +0.14 at M turn−off = 2.2M⊙. In general, the non-LTE [Al/Fe] are close to zero. All of these [Na/Fe] values have been corrected for non-LTE effects using the Lind et al. (2011) grids.
It will be extremely challenging to obtain a precise match to observed Na enrichments because of uncertainties around the theoretical modelling of the first dredge-up in giant stars. Sources of uncertainty include the unknown initial 22 Ne abundance, the 22 Ne(p,γ) 23 Na nuclear reaction rate, the rotationally-induced mixing and the possible presence of atomic diffusion affecting the surface abundances in a cluster's main sequence and turn-off stars which might be considered sources for the initial abundances for the cluster's red giants. On the observational side of the comparison of observation and theory, key information on surface composition changes resulting from the first dredge-up are provided by measurements of the C, N and O elemental and isotopic abundances. These latter measurements should be integrated with the Na abundances in a comprehensive test of the first dredge-up. Nonetheless, it is clear that Na but not Al enrichment occurs in red giants about as predicted for stars evolving off the main sequence to the He-core burning stage.
HEAVY ELEMENTS AS A CHEMICAL TAG
Across our previous sample of clusters, the composition of a cluster appeared defined by its [Fe/H] for elements unaffected by the first dredge-up except for the heavy elements (elements heavier than Fe), i.e., the run of [El/Fe] versus [Fe/H] followed that shown by field dwarfs and giants. The scatter in [El/Fe] at a given [Fe/H] was small and dominated by the errors of measurement for the samples of cluster giants, field giants and dwarfs. This uniformity and small intrinsic scatter in [El/Fe] occurred for elements up through the iron-group was not unexpected because field stars are considered to come from dissolving open clusters whose composition is heavily influenced by contamination by ejecta from supernovae. The correspondence failed for heavy elements in that elements such as La (for example) whose synthesis occurs in AGB stars showed a range in [La/Fe] at a given [Fe/H] with similar ranges found for the giants in clusters and the field. speculated that star-forming complexes of interstellar clouds were polluted by main s-process products from AGB stars which in contrast to supernovae eject mass into interstellar clouds at low velocity and so may contaminate regions of a starforming complex to varying degrees. Y, a weak s-process from massive stars, and Eu, a r-process product, do not correlate well with La and the other heavy elements. This speculative idea received a measure of support from theoretical considerations by Armillotta, Krumholz & Fujimoto (2018) . Abundances of s-process heavy elements appear to provide a chemical tag by which to identify star forming complexes with an otherwise common composition. Unfortunately at the present precision of abundance determinations, the range in heavy element abundances at a given [Fe/H] seems to be continuous and, therefore, tracing field stars to their natal complex is impossible.
Addition of five clusters to the larger sample considered by Figure 6 shows indeed that the new quintet supports the trends previously isolated by . For giants (and dwarfs) error estimates for the abundances of these heavy elements are essentially identical from Y to Eu because all abundances come from weak lines of singlycharged ions. Thus, the different slopes in the various panels cannot be assigned to a (simple) mischaracterization of a stellar atmosphere. confirmed the trends exhibited in Figure 6 with samples of field dwarfs (Battistini & Bensby 2016 ) and of field giants (Mishenina et al. 2006 (Mishenina et al. , 2007 Luck 2015) 10 Eu, a r-process element, has a similar behaviour to Y. The mean slope over the 0.1 dex bins chosen for Figure 6 For the second comparison, we consider the large sample of dwarfs analysed by Delgado Mena et al. (2017) . Comparisons in Figure 8 are restricted to stars assigned to the thin disc and in order to minimize abundance errors only to stars with effective temperatures between 5400 K and 6100 K. In this figure Ce is adopted for the abscissa; La was not con- [Fe/H] between the two bins should correspond to a displacement of the two distributions by about 0.12 which is seen for Ce, Nd and Eu. Y is more weakly correlated with Ce and Nd. Eu is almost uncorrelated with Ce. In short, products of the main s-process are tightly coupled but products of the weak s-process (here, Y) and the r-process (here, Eu) appear weakly coupled to the main s-process.
CONCLUDING REMARKS
Addition of the five open clusters discussed in this paper brings to 33 the total number of clusters whose composition from red giant members has been measured in this series of papers. Here, the focus has been on two issues: Na enrichment in red giants and the potential chemical tag offered by heavy element abundances.
First, predictions about Na enrichment of a giant's atmosphere as a result of the first dredge-up have been tested against our measured Na abundances. It is clear that Na is enriched as predicted but quantitative agreement with predictions has proven elusive very largely because of inherent uncertainties in theoretical predictions about the Na enrichment resulting from the first dredge-up. These uncertainties include a star's initial 22 Ne abundance, the nuclear reaction rate for 22 Ne(p,γ) 23 Na, the role of rotationally-induced mixing, and the initial Na abundance. Determining or inferring a giant's or its main sequence progenitor's Ne abundance is a challenging problem. For an open cluster, the initial Na abundance may, in principle, be determined from spectra of the cluster's main sequence stars. Such comparison of main sequence stars and giants may not only be vitiated by differential inadequacies of theoretical stellar atmospheres of main sequence and giant stars but also by alteration of the atmospheric composition of main sequence stars by atomic diffusion, as discussed recently for the 4 Gyr cluster M 67 (Bertelli et al. 2018; Gao et al. 2018; Souto et al. 2018) . Diffusion is a slow process and is not expected to affect the atmospheric composition of main sequence stars in young open clusters and, indeed, Bertelli et al.'s analysis suggests that effects of diffusion are not present in the 540 Myr cluster NGC 6633. The first dredge-up by mixing the outer envelope erases the effects of atomic diffusion. Future attempts to put the Na enrichment from the first dredge-up on a firm quantitative basis should include determinations of the C, N and O elemental and isotopic abundances.
Heavy element abundances -Y, La, Ce, Nd, Sm and Eu -for the five clusters examined here support our earlier identification that abundances of La, Ce, Nd and Sm with respect to lighter elements (Mg -Ni, for example) may vary by about 0.4 dex . Such a variations was found here also among a large sample of FGK dwarfs (Delgado Mena et al. 2017 ) confirming similar results for field dwarfs and giants provided by Lambert & Reddy. In principle, a ratio such as La/Fe may serve as a chemical tag and so identify field stars resulting from a common nowdissolved cluster. This will be very difficult because the run of La etc. abundances for common Mg-Ni abundances appears continuous at the present precision of the abundances. Perhaps, if the abundance data is combined with kinematical information of the precision now provided by Gaia, the chemical-astrometric tag may be able to relate field stars from a common star-forming complex.
There is no reason to cease the exploration of the open cluster population. With the Gaia data it is possible to make more secure identifications of cluster member including dwarfs for many additional clusters, even some at larger distances from the Sun than presently explored and, thus, bringing insight into the inner Galaxy and its outer reaches. (ID: 43, 1011 (ID: 43, , 1082 in the star cluster Stock 2. The abundances measured by synthesis are presented in bold typeface while the remaining elemental abundances were calculated using the line EWs. Numbers in the parentheses indicate the number of lines used in calculating the abundance of that element. 
